Understanding the evolutionary processes driving the adaptive differentiation of populations is of broad interest in biology. Genome-wide nucleotide polymorphisms provide the basis for population genetic studies powered by advances in high-throughput sequencing technologies. These advances have led to an extension of genome projects to a variety of nongenetic model organisms, broadening our view on the evolution of gene families and taxonomic-restricted novelties. Here, we review the progress of genome projects in non-Drosophila arthropods, focusing on advances in the analysis of large-scale polymorphism data and functional genomics and examples of population genomic studies.
Introduction
We are faced with a rapid progress of genome projects arising from non-model organisms. Starting with the release of the first insect genome of the fruit fly Drosophila melanogaster in the year 2000 [1] , we are in the enviable position of having access to both inexpensive high-throughput sequencing technology (HTS) and advanced statistical methods for analyzing large-scale data. These two points have led to a nearly exponential increase in the number of genome projects from organisms broadly scattered across the animal kingdom. The growing availability of many reference genomes spurred on research in comparative evolutionary genomics, which aims to decipher the genetic composition and lineage-specific processes of, for example, gene gain and losses between species. Comparative genomic studies can provide insights into not only evolutionary processes shaping the differentiation between larger phylogenetic units [2] [3] [4] but also species-specific differentiation [4] [5] [6] . Further, the re-sequencing of genomes from a population sample of individuals (i.e. population genomics [7] ) provides the platform to analyze genome-wide polymorphism to address a variety of interesting ecological, evolutionary and genetic questions in non-model organisms.
The decreasing sequencing costs over the past decade led to the recent emergence of new arthropod models that are suitable for addressing long-standing questions in ecology and evolution. The fascinating and seemingly endless diversity of arthropods provide fertile grounds for understanding how some ecological (e.g. diet and habitat specialization) and genetic traits influence patterns of genome evolution. For example, hymenopteran genomes have opened up the door to studying the effect of haplodiploidy and recombination (e.g. which is highly elevated in many social insects) and low effective population sizes on patterns of molecular evolution. Sociality represents a major transition in evolution and genomic research on social and solitary Hymenoptera (i.e. ants, bees and wasps) promises to help us understand how and why sociality evolved [8] . We now can broaden our view on evolution of obligate mutualism (e.g. extreme anatomical sexual dimorphism found in the fig wasp [9] ), host-parasite interactions (e.g. the vectorial capacity for human malaria among Anopheles mosquito species [10] ) or host-plant interaction in stick insects as example of how ecological sources affect phenotypic targets of selection [11] . Genomic work on Lepidoptera promises to transform our knowledge of the evolution of mimicry and migration [12] , while studies on key planktonic crustaceans such as Daphnia will advance knowledge on the capacity of arthropods to adapt to toxins in their environment [13] .
In addition to the large number of de novo genome sequencing projects, inexpensive sequencing has made way to powerful population genomic studies that characterize genome-wide patterns of within-species diversity and between-species divergence. Understanding the former is critical because, ultimately, differences between species first originate as differences among individuals [14, 15] . Population genomic studies allow researchers to map out genomic loci that underlie adaptive evolution [16] [17] [18] or introgression and chromosomal evolution signatures such as rearrangements in supergene systems [19] ; previously an unfathomable goal, now an easier to achieve reality. Population genomics provide the glue between functional studies that link genes with phenotypes, and ecological and evolutionary studies that attempt to link differences in phenotype with differences in fitness ( Figure 1) .
In this review, we summarize progress of genome projects in non-Drosophila arthropods and advances in the statistical analysis of large-scale polymorphism data and provide examples of population genomic studies.
Progress in genome projects of arthropods: an overview
We found 135 completed or ongoing arthropod genome projects registered with the National Centre for Biotechnology Information (http://www.ncbi.nlm.nih.gov, circa June, 2014). Of these 135 genome projects, 57 belong to Dipteran species (flies and mosquitos). The remaining 77 genome projects are distributed among several insect orders, including the Hymenoptera (bees, wasp and ants), the Lepidoptera (butterflies and moths), the Coleoptera (beetles) and the Hemiptera (true bugs), although there is clear overrepresentation of hymenopteran genomes among non-dipteran insects. Beside insects, there are several genome projects of Chelicerata (spiders, scorpions and mites) and some Crustacean (e.g. the ostracod Daphnia pulex).
Myriapods are the most basal of the four major extant arthropode clades, and the recently published Centipede genome will provide new insights on the key genetic and phenotypic innovations that facilitated subterranean life [20] . The number of new insect genomes sequenced per year appears to be exponentially increasing since 2000, with the most remarkable increase recorded in 2013 ( Figure 2 ). This peak coincided with the release of the first insect genomes from the i5k initiative, a coordinated effort to sequence up to 5000 insect genomes in the next few years [21] .
Multiple genome comparisons have allowed researchers to discover and better annotate genes and to identify, for example, lineage-specific gene (or gene family) gains or losses associated with the amazing phenotypic differences observed between different insect lineages or conserved noncoding sequences that are likely important for gene regulation in insect genomes [22] [23] [24] . The importance of DNA methylation and phenotypic evolution in social insects (e.g. caste determination) has been also emphasized by comparative genomics [25] [26] [27] , as well as the important role of non-protein coding elements (e.g. micro RNAs [28] ). Within the Hymenoptera, several genome projects of species representing different levels of social organization are currently under way, providing novel insights into the evolutionary processes leading to eusociality. Another initiative focuses on the evolution of parasitic life styles that independently evolved many times within insects.
Advances in methods for high-throughput genome analysis HTS methods [29] have many useful applications for studying the genomics of non-model arthropods. Modern HTS technologies deliver a large amount of data; at present, for example, a single lane of Illumina HiSeq 2500 delivers about 300 million reads (average read length 160 bp) for a total length of 50 Gbp (billions of base pairs). For the smallest arthropod genomes (about 100 Mbp [30] ), this corresponds to an impressive coverage of 500Â. Arthropod genome sizes vary by more than an order of magnitude: consequently, the most effective de novo sequencing strategy will depend on genome size. For small genomes, it would be cost-effective to sequence a pool of individuals in a single lane, whereas for genomes larger than a few hundred Mb, sequencing each individual separately would be most effective.
HTS strategies for population genetics are based on resequencing several individuals from a population. The reads are either mapped to the reference genome or, if it is not available, Beyond fruit-flies | 425 clustered into small scaffolds. Calling genetic variants, typically single-nucleotide polymorphisms (SNPs), from the aligned sequences are the starting point for subsequent population genetics analyses, and few of them (e.g. phylogenetic reconstruction, average nucleotide diversity, inference of demography and migration rates between populations) can be performed without SNP data mapping to a reference sequence. However, most population genetics methods aim at detecting genomic regions under selection (e.g. genomic scans [31] ) and therefore require the knowledge of the location of SNPs along the genome, including their coding context; these methods require alignment to a reference genome. If the species of interest lacks an annotated reference genome, the alternatives are either to obtain a genome by de novo sequencing combined with automatic or semiautomatic annotation, or to use the annotated reference genome of the closest species available as used in the Drosophila miranda genome project [32] . Sequencing individuals separately and aligning them to the reference genome of a close species is the most immediate approach for population genetic studies. There are two different strategies for the choice of the appropriate read depth [33] . For studies that do not use haplotype information, a low coverage (2-4Â per individual) is often sufficient for standard population genetics analyses, provided that the sample size is large enough (tens of individuals). For studies that focus on haplotype tests or specific mutations, a moderate to high coverage (8-20Â per individual) is advised. Above this coverage, it is convenient to increase the number of individuals sequenced rather than the coverage per individual [33] .
Pooled samples
For HTS approaches using the cost-efficient strategy of pooling a number of different individual DNA samples together (poolseq) [34] , two parameters are most relevant: (1) the sample size, i.e. the number of individuals combined in one pool, and (2) the total sequencing depth (coverage), which measures how often the pool has been sequenced. The quality of the analyses increases with both sample size and read depth. Although several analyses have been published with pools sequenced at a total read depth of 10Â, simulations show that better results can be obtained with a total read depth of 20Â or higher [35] . For experimental design, there are both theoretical and practical reasons to increase sample size instead of read depth. First, increasing the number of sampled individuals is usually much less expensive than increasing the amount of sequence. Second, pools with a few individuals could be prone to biases owing to unequal DNA contributions from each individual, while this effect is negligible for large samples [35] . Third, although pools with a large number of individuals relative to sequencing depth have reduced SNP quality (high error probability), they summarize more accurately the mutation frequency spectrum, as it is averaged over more evolutionary histories [36] . Most important for the analysis of pooled genome data is to use SNP callers specific for pooled samples or that have a specific option for pools [37] .
Summary about barcoding (parallel tagged sequencing)
To increase cost-effectiveness, it is possible to sequence multiple individuals or multiple pools from different populations in a single lane by barcoding/tagging/multiplexing technologies. Here, samples are uniquely tagged with short sequences (barcodes), pooled, sequenced and subsequently sorted by barcode [38] . An increasingly popular strategy is the restriction-siteassociated DNA sequencing (RADseq) [39] , which combines restriction-enzyme recognition sites with HTS and barcoding and has been established as a powerful method for population genomic studies, initially applied by Hohenlohe et al. in sticklebacks [40] . Alternative RAD approaches are ddRAD [41] , 2bRAD [42] and genotype by sequencing (GBS) variants, such as GBS [43] , RESTseq [44] , SLAFseq [45] . These methods reduce the complexity of the genome, providing a large number of dense SNP markers sequenced at much higher read depths compared with whole-genome sequencing. RADseq approaches provide excellent data for studying genome-wide variability within single or closely related populations, for association studies and breeding programs. However, whole-genome sequencing is more appropriate when the focus is on genetic differences between distant populations or close species, or on specific genomic regions.
RNA-seq
There are several advantages in doing RNA-seq [46] of neglected genomes. First, by definition, RNA-seq provides only transcribed sequences, including the exome as well as functional noncoding RNA, therefore focusing on the most interesting functional regions of the genome. As the true goal of many studies in nonmodel species is exome sequencing rather than whole-genome sequencing, RNA-seq appears as an effective alternative. Second, RNA-seq simultaneously produces sequence information and expression levels, which are correlated to the read depth of the sequences. Furthermore, in principle, the most expressed genes can be assembled de novo from the data without the need of a reference genome, even if the quality of the assembly is much lower than what would be obtained by mapping to a reference genome [46] . For individual RNA-seq data, it is possible to use the same methods as for individual DNA HTS samples. In this way, the recent study of McCoy et al. generated first genomic resources for Gillette's checkerspot butterfly, Euphydryas gillettii, by RNA-seq and then used the discovered SNPs to infer population demography of individuals from two geographic regions [47] . However, there are also several major drawbacks to population genomic studies conduced using RNASeq. The most relevant is related to the skewed distribution of expression levels, which translates into a skewed distribution of read depths among different genes. Only the most expressed genes reach a sufficient read depth for population analyses, therefore covering only a fraction of the exome [48] . This issue has been mitigated by the high read depths currently available. Other drawbacks are the increased experimental noise and the uncertainties related to allele-specific expression and related effects (e.g. tissue-specific expression, not covered by the sampling, might hamper the discovery of genomic variants), which are difficult to control [49] , especially with pooled RNA-seq. In addition, the missing out of regulatory (noncoding) regions should be taken into account.
Software and genetic technologies
The processing of large-scale genomic data is the key issue of all population genomic approaches. Over the past years, several software suites have been developed to improve the data handling and to estimate several test statistics (e.g. VarScan [50] , PoPoolation and PoPoolation2 [51, 52] and PopGenome [53] ). These packages contain modules for completing all necessary tasks for basic and advanced population genomic data handling. This includes (i) reading a variety of input data files resulting from re-sequencing projects, (ii) including annotation files and select regions of interest, and (iii) applying a battery of test statistics (Neutrality tests, linkage disequilibirum, recombination, diversity, selective sweeps, genetic differentiation-F ST /BayeScanR, site frequency spectrum). The detection of selective sweeps in pool-seq data is statistically challenging mainly owing to sequencing errors and random sampling among chromosomes but has been initially solved by Boitard and colleagues [54, 55] . The software package NPStat [35] [56] . The demographic dynamics of the population can be also inferred from a single diploid genome by methods like the pairwise sequentially Markovian coalescent model by Li and Durbin [57] . These methods exploit the information stored in the distribution along the genome of the time to the most recent common ancestor of two sequences. Demographic methods like these are effective for genome-wide data, thanks to the large size of animal genomes.
Beside the ongoing progress in finding ways to exploit rapidly accumulating DNA sequence data, only few genetic technologies are available that enable us to experimentally manipulate the genomes of non-genetic model arthropods of interest. Promising initiatives to foster collaborations and promote genetic technologies are, for example, the NSF-funded Insect Genetic Technologies Research Coordination network (http://igtrcn.org/) and, supported by the German Research Foundation, the ibeetle-program (http://ibeetle-base.uni-goettingen.de/) that establish the Red flour beetle Tribolium castaneum as model for genome-wide RNA interference (RNAi) screens. This iBeetle screen aims to target diverse biological questions and to overcome the currently prevailing candidate gene approach in arthropods. Recently, significant advances in establishing genetic tools for the honey bees have been made by Schulte et al. [58, 59] . The authors identified honey bee promoter sequences that can drive constitutive and tissue-specific induced gene expression and established a stable piggyBac transposon mediated platform to manipulate gene function by microinjection, a technique that now extends the previously established RNAi technique in honey bees [60, 61] .
A summary of population genomics in non-model arthropods

Population genomics of social insects
Recent studies in social insects using population genomics provided insights into how the honey bee genome is shaped by evolutionary processes related to the local environment and the dynamics of eusociality. A recent study by Harpur et al. [62] focused on the prevalence of positive selection on the honey bee genome, and to test some ideas about how sociality evolves in insects, using 39 sequenced workers from the European honey bee Apis mellifera and one worker from the closely related Asiatic honey bee Apis cerana. The A. mellifera workers belonged to four highly distinct geographic populations, which facilitated tests of selection over short and intermediate timescales, since divergence of the different A. mellifera populations less than 1 million years ago, and since the divergence of A. mellifera and A. cerana $5 million years ago, respectively. The authors used McDonald-Kreitman(MK)-type tests and outlier tests to identify genomic regions with statistical signatures of positive selection (Figure 3) . This study offered some interesting insights about adaptive evolution in the honey bee, for example, that taxonomically restricted genes (TRGs) were associated with higher levels of positive selection relative to conserved genes. In bees, TRGs had significantly higher selection coefficients relative to genes that were taxonomically restricted to the Hymenoptera (ants, bees and wasps), which in turn, had higher selection coefficients relative to genes that were found in two or more insect orders. The importance of genes that lack similarity to genes of other species (also known as orphan genes) as driver of lineagespecific adaptation has been pointed out also by Wissler et al [63] in a comparative study of 30 arthropod genomes. The authors found that different arthropods' lineages accumulate orphan genes at different rate, and some social insects, including leaf-cutter ants, appear to have a dynamic model of frequent gene birth and death. These findings indicate that novel genes play a significant and previously underappreciated role in facilitating the adaptive evolution of social insects, which need to be functionally characterized (e.g. by RNAi-experiments) in the future.
Worker bees are effectively sterile members of honey bee colonies, and-under typical circumstances-have no direct fitness. Positive selection can still fix mutations that affect worker traits, so long as these traits benefit related reproductive individuals (i.e. mother queen and brother drones); this type of indirect selection is referred to as kin-selection [64, 65] . Harpur et al. [62] provided strong empirical evidence for kin-selection by showing that genes associated with worker phenotypes are enriched for signatures of positive selection. For example, proteins that are, on average, upregulated in workers relative to queens have significantly higher selection coefficients relative to proteins that are upregulated in queens relative to workers (Figure 3) . Moreover, genes that are associated with several aspects of worker behavior, based on microarray studies [66] , are often enriched for outlier loci with putative signs of positive selection. The population genomic data clearly portray worker traits as major vectors for adaptive evolution of honey bee colonies.
The evolution of cis-regulatory sequences in the honey bee genome was investigated by Molodtsova et al. 2014 [67] , estimating patterns of natural selection at putative cis-regulatory regions for most genes using a modified MK-test on the data set of [62] . The authors studied how the structure of a brain transcriptional regulatory network that influences several aspects of worker behavior evolves. The transcriptional regulatory network contains a few hundred transcription factors that in turn regulate several thousand target genes. Molodtsova et al. 2014 discovered that the most connected 'hub' genes had the highest levels of negative selection on their coding sequences; genes with signs of adaptive protein evolution mostly resided at the network periphery. In contrast, connectedness appeared to have no influence of patterns of molecular evolution at putative cis-regulatory sequences. These results show how the structure of regulatory networks can facilitate adaptive evolution via both regulatory and coding mutations.
Another honey bee population genomic study used a comprehensive worldwide survey of sequence variation in 140 genomes of honey bees to understand the genetic basis of local Beyond fruit-flies | 427 adaptation of the honey bee A. mellifera [18] . The genetic variation at 8.3 million SNPs laid ground to a powerful evaluation of genetic differentiation and signatures of local adaptation. In the study of Wallberg et al., measurement of F ST at single SNPs presents evidence for high differentiation between African and European bees in intergenic, intronic and coding regions. Genomic signatures of local adaptation enriched in genes related to the immune system and sperm motility likely reflect geographic variation in reproduction and disease resistance, one of the novel insights when compared with the results from [62] .
In conclusion, these studies reflect nicely the utility of population genomic approaches to elucidate complex evolutionary processes.
Population genomics suggests that social insects have reduced population sizes
Theories predict that small effective populations sizes (N e ) result in decreased amount of within-species polymorphism and decreased efficiency of natural selection owing to stronger impact of genetic drift when compared with species with larger N e [68] . In social insects, N e is expected to be small [69] , as the number of reproductive individuals is usually relatively low (e.g. one mated queen per honey bee colony, but reproductive workers may occur). Romiguier et al. [70] used population genomics to test this hypothesis. Romiguer et al. used RNA-seq polymorphism and divergence data of eight eusocial and non-social insects and calculated low levels of genetic polymorphism, which are markedly lower in eusocial than in nonsocial insects. These results, along with other evidence presented by Romiguer et al., support theoretical expectations of low N e in eusocial insects comparable with that of mammals. However, in this study, 75% of the social insects belonged to the haplodiploid insect order Hymenoptera, while all the solitary insects belonged to diploid insect orders. More population genomics data on solitary hymenoptera species are needed to rule out the possibility that low N e in social insects is simply an artifact of haplodiploidy rather than sociality. Interestingly, the study of Wallberg et al. [18] provided evidence that N e of honey bees are much higher than previously expected (for European populations $ 200 000, for African populations $ 500 000), which cast some doubt over Romiguer et al.'s findings.
The genomics of adaptive traits-lessons from the Postman butterfly Heliconius
Population genomics of Heliconius species have provided insights into the genomic basis for complex adaptive traits. Butterfly wing patterning is a well-studied example of a complex adaptive trait driven by functional changes in natural populations (see e.g. [71] [72] [73] ). The Heliconius Genome Figure 3 . Population genomics leverages functional genomic data to generate novel biological insights. The honey bee is a model organism for the study of complex social behaviors. Functional genomic research conducted over the past decade identified many genes that are associated with worker behaviors using transcriptomic and proteomic approaches. Systems biology studies have also identified key transcriptional regulatory modules that control behavioral states in bees. Harpur et al. carried out a population genomic study by sequencing 40 honey bee genomes, and used this data set to map signatures of positive (M-K gamma >1) or negative (M-K gamma < À1) selection across the bee genome. By integrating the population genomics data set with the existing transcriptomic and proteomic data sets, the authors were able to address long-standing questions in the field of sociobiology-questions that were otherwise impossible to investigate (data taken from [45] ). (A colour version of this figure is available online at: http://bfg.oxfordjournals.org) Consortium [74] sequenced the genome of the postman butterfly Heliconius melpomene and used RAD sequencing of 84 H. melponeme butterflies and its relative to reconstruct a robust phylogeny of the genus and to test for introgression between a subset of individuals (the sympatric co-mimetic races H. melponeme amaryllis and Heliconius timareta ssp. nov. The Heliconius Genome consortium found strong evidence for adaptive introgression contributing to evolutionary radiation within this butterfly group and driving genomic divergence (F ST ) in color pattern region and non-color region between H. timareta and of H. melpomene populations. A 400 kb chromosomal region identified by Joron et al. [19] provides evidence for a mimicry supergene system in Heliconius numata, maintained by balanced polymorphism and highlight, how chromosomal rearrangements can contribute to the coexistence of adaptive phenotypes. A recent population genomics approach of Supple et al.
[5] using RNA-seq short read data from pooled samples of Heliconius erato races and H. melpomene narrowed down a 65 kb region, showing high levels of differentiation between hybridizing races, low nucleotide diversity within races and increased linkage disequilibrium relative to other genomic regions. These findings strongly indicate a recent fixation of haplotypes driven by positive selection. The authors propose that tightly linked cis-regulatory regions of the transcription factor optix located within that region control differentiation of color patterning between H. erato races. Another tempting strategy to analyze candidate loci controlling wing pattern phenotypes in hybridizing Heliconius butterflies was used by Nadeau et al. [6] . The authors used targeted next-generation sequence capture to survey polymorphism across 3.5 Mb SNPs among divergent geographical races and species in Helconius. By this, several island of elevated divergence (F ST > 0.3) even between closely related species were identified, harboring loci for wing color patterning. The combination of population genomic resequencing, association mapping, positional cloning and developmental data applied by Gallant et al. [3] shed light on the molecular basis of ancient phenotypic divergence of wing patterning in butterflies. In this study, comprehensive data from two butterfly lineages diverged >65 million years ago (Limenitis and Heliconius) provide evidence that the positional orthologous region of the WntA locus has independently driven the evolution of adaptive wing patterning.
Signatures of introgression and local adaptation among microcrustacean water flea Daphnia
Obligate asexual organisms may be prone to accumulate increased number of deleterious mutations, caused by the lack of recombination, which otherwise would break up linkage between selected sites and newly arisen deleterious ones [75] , and promotes elevated heterozygosity. Tucker et al. [76] obtained whole-genome sequences of 11 sexual and 11 asexual genotypes from D. pulex to investigate pattern of variation across the genomes of both reproductive types. The study shows that genome-wide total heterozygosity per site (p t ) in asexual genotypes is 31% elevated when compared with sexual genotypes. The clonal reproduction of D. pulex is also manifested by the 33, 575 SNPs that are fully associated with obligately asexual genotypes. Interestingly, the authors could determine by using divergence data from the sister species Daphnia pulicaria, that the asexual phenotype of D. pulex originated by introgression of chromosomal parts. Specifically, parts of chromosome VIII and IX show particularly high level of heterozygosity, caused by the historical introgression of chromosomal parts of the D. pulicaria genome. A first step to decipher local adaptation of Daphina population using RNA-seq has been recently performed by Schwarzenberger et al. [13] . The authors identified several candidate genes (transporter genes) that respond specifically in the presence of toxic microcystins, produced by cyanobacteria as serious threat to freshwater ecosystems.
These examples provide promising evidence, that the use of HTS technology opens the avenue to extend research projects in diverse ecosystems to better understand macro-and microevolutionary processes, driven by structural genomic and adaptive regulatory changes, taking advantage of the enormous richness of non-Drosophila arthropods with distinct life-history traits.
Conclusions and future directions
Population genomics has become a powerful tool for addressing fundamental questions in biology and evolution. By studying genome-wide polymorphism data sets, genomic regions with signs of positive selection can be narrowed down to the locus of adaptation. High-resolution genome-wide association mapping may even help to identify causative mutations associated with the interesting and charismatic phenotypes of arthropods. For instance, comparative population genomic studies across groups of solitary, primitively social and advanced social insects are needed to make full sense of the adaptive evolutionary changes that gave rise to sociality, and the subsequent evolutionary changes that established social societies from primitive to advanced forms. Speciation processes, driven by local environmental adaptation, reduced fitness of hybrids, and step-wise accumulation of genomic island of increased divergences can be surveyed now in more non-Drosophila arthropods by using genome-wide sequence data. Consequently, we are now in the comfortable situation to test population genetic theories with additional empirical data representing distinct phylogenetic lineages. By this, we can gain a broader picture of the evolutionary convergent or homologous trajectories shaping organismic diversity and avoid a biased view on animal evolution.
Although a powerful tool on its own, it is difficult to interpret population genomic data sets without knowledge of the genetics and molecular biology of complex traits. It is even more difficult to make sense of population genomic data without a good understanding of the ecology and biogeography of the organisms sequenced. For future research, it is of utmost importance to unravel and test the function of mutations in regulatory sequences and genes that may be linked to adaptive evolutionary processes in populations identified by genome-wide studies of polymorphism. By integrating population genomic data with functional genomics and ecological knowledge, we will unravel evolutionary processes driving organismic development.
Key points
• Population genomics may provide insight into adaptive evolutionary processes within and between species • Ongoing progress in sequencing technology will facilitate the generation of high-throughput data and technologies to manipulated genomes now reach non- 
